ABSTRACT A method is described to make a direct measurement of the horizontal and vertical momentum dispersion of the electron and positron beams as they pass through the chromatic correction sections (CCS) of the SLC final focus systems. The method is advantageous since it cleanly separates betamn components of the beam size from dispersive components, can be measured during standard colliding beams machine conditions in a minute or two, and directly measures the energy-position correlation within the beam.
I. INTRODUCTION
A dispersion measurement in circular accelerators usually requires sampling an off-energy orbit with beam position monitors. The cyclic boundary conditions provide a closed dispersion function which is measurable by observing the beam centroid. In linear colliders, however, varying the beam energy at some point in the beam line and observing downstream beam centroid positions measures the position/energy transfer matrix element (e.g. R 1 6 ) from the point of energy change to the orbit observation point. If a dispersion source exists upstream of the energy variation point, its contribution to the total dispersion function will not be measured. Since it is usually important to remove all energy-position correlations to minimize the transverse beam size, a beam centroid based correction technique as used in circular machines may not fully correct the total beam dispersion. Furthermore, other sources of beam energy spread (e.g. synchrotron radiation in the SLC collider arcs) produce energy-position beam correlations1 which are not measured with a simple beam centroid observation technique.
In the SLC final focus, residual dispersion at the interaction point (IP) has normally been corrected by varying the beam energy at the end of the linac and setting quadrupoles of the final focus dispersion matching section to cancel the correlated transverse beam motion at the beam position monitors2 (BPM). Because of the strong magnification of the sine-like betatron phase in the final focus and the demagnification of the cosine-like phase, the resolution of the angular IP dispersion, q'* (sine-like), using the BPMs is very good, but the resolution of the spatial IP dispersion, q* (cosine-like), is very poor. Therefore, q* is actually corrected by minimizing the IP beam size with closed trajectory bumps in the sextupoles of the CCS, or more recently, with four small CCS correction quadrupoles3. Unfortunately, the BPM method actually corrects the R 2 6 transfer matrix element from * Work supported by Department of Energy contract DE-AC03-7 6SF005 15 linac to IP and the R 2 6 is not necessarily equal to the total IP energy-angle correlation, q'*.
The actual q'*, and a finite beam energy spread, produces larger angular divergence at the IP (larger beam size at the final triplet) which may increase detector backgrounds through bremstrahlung of the more intense focusing. In order to compensate for increased detector backgrounds the total divergence must be reduced with upstream final focus beta matching quadrupoles. This divergence reduction has the undesirable effect of increasing the beam size*at the IP (increase of p*). For this reason the actual q' must be minimized. Therefore it is useful to find a fast, direct method to measure the energy-position correlations in the beam which are present under normal machine operating conditions.
APPLICATION TO THE SLC
The most useful place to measure the total accumulated beam dispersion in the SLC is in the final focus just before the beams are squeezed down to transverse sizes of -2 p. In order to provide separation of betatron beam size components from dispersive components some section with bending is necessary. The nominal bending and optical symmetries of the final focus CCS (Fig 1) are ideal for this purpose. Wire scanners at the two points in the CCS where the horizontal dispersion is a maximum are used to compare the beam sizes at these two locations. In order to cancel geometric aberrations, the 4x4 linear transfer matrix between nested sextupole pairs is -I. This -I matrix between the first wire scanner (wire-I in Fig 1) and second wire scanner (wire-2) ensures equal beta functions at the two wires. 
Propagating the horizontal dispersion function from wire-1 to wire-2 yields (2) where the transfer matrix element R 1 6 (=540 mm) from wire-1 to wire-2 is solely defined by the local lattice (B2 horizontal bending dipoles in Fig 1) . Similarly, an incoming -q x 1 -k 7 x 2 = R 1 6 E 2q.x 9 mismatched component of the dispersion function, A q , including all upstream sources of position-energy correlation, will propagate freely through the final focus.
Aqxlyl= -Aq*2y~ E Aqxy (3) Here Aqxi,yi is the residual spatial component of the dispersion at wire-i.
These beta and dispersion functions contribute to the beam sizes at the wire scanners in different ways. Writing the transverse position of a particle at each wire location, using the -I matrix between them, and expressing the random fractional energy deviation as S E SHE (=&I / ' for these ultrarelativistic electrondpositrons) yields
where x p , y p are betatron position components at wire-1 which reverse sign through the -I transfer to wire-2. These betatron components may also be expressed in terms of the transverse beam emittances, and eY (all random variables throughout are assumed to have zero mean).
(5)
Since AqAY includes all position-energy correlations, then by definition xp and yp will not be correlated with 6 (i.e. apb = cy$% = 0). The beam sizes at the wires are then
From the difference of (6) and (7), and knowledge of the beam energy spread, comes the mismatched component of the horizontal dispersion, Aqx. However, the vertical beam sizes at wire-1 and wire-2 are always equal (8) since there is no vertical bending between wires. So measurement of the vertical beam profile is not as useful to measure dispersion.
The vertical dispersion can, however, be measured by observing the X-Y coupling it generates in the presence of the nominal horizontal dispersion. The X-Y coupling is measured by taking advantage of the 3-wire orientations of the available SLC wire scanners4. The best resolution of is achieved using a horizontal scan direction (given wire orientations on the support fork of Fig 2) . From (4), the X-Y coupling term at each wire is (11) <x2y2> = CXPYP + AWI~OS~ -;j;dqy~S2 , (12) with a p y p as the observable phase of the betatron component of X-Y coupling, and 02 = CL%. Using (6) through (12) yields an over determined linear system relating the discernible beam size components to the six measured beam profiles at the two wires. 12&$ Aqx = where the notation a* has replaced expectation brackets and he energy spread, ag , must be known from other neasurements. In practice, a weighted fit using (13) and the measurement errors is employed.
RESOLUTION AND ERRORS
For reasons described in the introduction, a tolerance may 3e specifi%on g'*. The 
IV. CORRECTION SCHEME
The actual correction algorithm requires a scan of the CCS wires, and the use of (13) and (17) to fit for q'*x,y. Next the X and Y beam sizes at the IP are minimized with the small CCS correction quadrupoles (using beam-beam deflections6 to measure the beam sizes) and these quadrupole settings are used to calculate the existing residual q*x,y. The values of residual angular and spatial IP dispersion are then back-propagated to the final focus dispersion matching section (upstream of the CCS). A non-linear fitting program2 is then used to calculate the new settings of the dispersion matching section quadrupoles in order to cancel the residual angular and spatial IP dispersion, and the CCS correction quadrupoles are reset to zero. The IP beam sizes are finally minimized one more time with the CCS correction quadrupoles to fine tune the beam.
With the residual dispersion corrected at the wires, (13) may also be used to fit for the betatron X-Y coupling term, aavg, which would otherwise be improperly measured in the (18) and (19) are (21) aq: = 9 mrad (((50mrad),
The horizontal dispersion resolution is more than sufficient, iowever the vertical resolution is just adequate. Allowing for mrly matched conditions, coupling, and reasonably larger :mittances produces resolutions which may increase by up to a ;actor of 2. Several repeated measurements, as the matching is mproved, may be necessary in this case.
A systematic mis-scaling between the two wire scanners of 
